The first inhibitory interneurons of the retina, the horizontal cells, stratify within the outer plexiform layer, extending dendritic terminals that connect to the pedicles of cone photoreceptors and an axon terminal system contacting the spherules of rod photoreceptors. How the horizontal cells acquire this morphology is unknown, but instructive interactions with afferents are suggested to play a role in the development of synaptic circuits. Here, we show that the morphology of the axon terminal system and the dendritic field are selectively regulated by innervation from their respective afferents: genetic respecification of all cones to become rods, in Crxp-Nrl transgenic mice, produces an atrophic dendritic field yet leaves the axon terminal system largely intact. In contrast, in the retinas of Nrl Ϫ/Ϫ mice, in which the population of rod photoreceptors is respecified to adopt a cone fate, the dendritic field is hypertrophic, whereas the axon terminal system is underdeveloped. Our studies reveal that, although cell-intrinsic mechanisms drive the formation of independent dendritic versus axonal domains, the afferents play a selectively instructive role in defining their respective morphologies.
Introduction
Horizontal cells in the mammalian retina give rise to dendrites that ramify in a radiate pattern within the outer plexiform layer (OPL), in which their sole source of innervation is the terminals of cone photoreceptors, the pedicles (Kolb, 1974) . One form of horizontal cell, being the only type present in the murine retina (Peichl et al., 1998) , also extends an axonal-like process that courses for a short distance away from the dendritic field before elaborating a terminal arbor. Despite the similarity to axons elsewhere in the nervous system, the horizontal cell axon does not conduct nerve impulses but rather provides metabolic support for its terminal arbor, which is selectively innervated by the spherules of rod photoreceptors and serves as an independent functional entity comparable with the dendritic domain (Peichl et al., 1998) . The dendritic and the axonal domains are not only postsynaptic to the cones and the rods, respectively, but also provide inhibitory feedback onto those photoreceptors through a currently debated mechanism (Kamermans et al., 2001; Hirasawa and Kaneko, 2003; Hirano et al., 2005) . The molecular mechanisms generating this polarization of the cell into a dendritic and an axonal domain are unknown, but cell-intrinsic specification seems likely (Horton and Ehlers, 2003; Jan and Jan, 2003; Horton et al., 2005) . Afferent innervation may still, however, shape the differentiation of these cells, through secreted factors or by way of membrane-bound or activity-dependent signaling (McAllister, 2000; Cline, 2001; Lom et al., 2002; Wong and Ghosh, 2002; Hua and Smith, 2004; Sorensen and Rubel, 2006) .
In the mouse retina, the afferent population of photoreceptors is composed of 97% rods and 3% cones (Carter-Dawson and LaVail, 1979b) . We sought to define the role of the afferents by taking advantage of two different mouse models that genetically respecify the cones to adopt a rod fate or the rods to adopt a cone fate by manipulating the expression of the transcription factor gene Nrl (Swaroop et al., 1992) . In Crxp-Nrl transgenic mice (referred to herein as rod-full), the Crx promoter drives Nrl expression, instructing the postmitotic cone precursors to become rods; hence, cones are never formed (Oh et al., 2007) . This transgenic mouse is distinct from a previously described cone-less mouse , in which the expression of an attenuated diphtheria toxin gene driven by a cone opsin promoter obliterates the cones during the first postnatal week (Soucy et al., 1998) . The loss of Nrl in Nrl Ϫ/Ϫ mice (referred to herein as conefull), in contrast, causes all postmitotic rod precursors to become cones (Mears et al., 2001; Daniele et al., 2005) . In this report, we first describe the general condition of the outer retina in these two mouse models, using immunofluorescence techniques to identify the organization of the OPL. We subsequently examine the morphology of individually labeled horizontal cell axons and dendrites to determine the extent to which their properties are dependent on the afferents.
and Use Committees at the University of California at Santa Barbara and the University of Michigan. Wild-type C57BL/6 mice, rod-full (CrxpNrl ) mice (Oh et al., 2007) and cone-full (Nrl Ϫ/Ϫ ) mice (Mears et al., 2001) were given a lethal dose of sodium pentobarbital (120 mg/kg, i.p.) and perfused with 0.9% saline followed by 4% paraformaldehyde in 0.1 M sodium phosphate buffer, pH 7.2 at 20°C. Either whole retinas were dissected from the eyes or the entire eye was embedded in agarose and sectioned through the optic nerve head on a vibratome at a thickness of 100 m. Retinal sections were prepared for immunofluorescence, whereas whole retinas were prepared for DiI labeling.
Immunofluorescence. Retinal sections from 1-month-old mice were triple labeled using antibodies to calbindin (a mouse monoclonal antibody; 1:10,000; C8666; Sigma, St. Louis, MO), neurofilaments (a rabbit polyclonal antiserum to the 150 kDa neurofilament subunit; 1:500; AB1981; Millipore, Temecula, CA), cytochrome oxidase (a mouse monoclonal antibody; 1:100; AB6403; Invitrogen, Eugene OR), piccolo [an affinity-purified guinea pig antibody; 1:1000 (Dick et al., 2001 ); a generous gift from W. Altrock, Leibniz Institute for Neurobiology, Magdeburg, Germany], and mouse cone arrestin [an affinity-purified rabbit antibody (LUMIj); 1:1000 (Zhu et al., 2002) ; a generous gift from C. Craft, University of Southern California, Los Angeles, CA]. Primary antibodies were detected with a mixture of appropriate donkey secondary IgGs conjugated to cyanine 2 (Cy2) or Alexa 488, Cy3, and Cy5 [1:200; Jackson ImmunoResearch (West Grove, PA) or Invitrogen]. Specimens were examined using an Olympus (Tokyo, Japan) Fluoview laserscanning confocal microscope with a 60ϫ objective, in which image stacks were collected at 1 m intervals across 10 m.
DiI labeling. Crystals of the lipophilic dye DiI (D3911; Invitrogen) were inserted into fixed whole retinas from adult (2-to 4-month-old) mice and in postnatal day 5 (P5) and P10 mice, as described previously . Individual horizontal cell dendritic fields or axon terminals, labeled by diffusion through their axons, were subsequently imaged at 0.5 m intervals using confocal microscopy and reconstructed through their full three-dimensional extent using MetaMorph (Universal Imaging, Downingtown, PA) and AutoVisualize (Media Cybernetics, Silver Spring, MD). For adult labeled cells, the dendritic field area, the number of primary dendrites, and the depth of dendritic processes were determined using MetaMorph, as were the area and the depth of the axonal terminal fields. One-way ANOVAs were conducted, followed by post hoc Scheffé's tests to determine whether any of these morphological features differed among the adult wildtype, rod-full, and cone-full retinas. Additional details were provided previously .
Results
Reorganization of the outer retina in rod-full and cone-full mice The characteristic features of the outer retina in the wild-type adult mouse are shown in Figure 1a -d: an antibody to mouse cone arrestin, in blue, shows the cone outer segments at the top (Fig. 1a) ; beneath these, the cone inner segments and somata are labeled less intensely. The somata are restricted to this outermost portion of the outer nuclear layer (ONL), largely adjacent to the mitochondria-rich inner segments of the rods and cones, detected using an antibody to cytochrome oxidase, shown in green in Figure 1c . Each cone soma has a prominent mitochondrion situated basally (Carter-Dawson and LaVail, 1979a) , at the location at which the axon emerges (Fig. 1c) . Those axons extend Figure 1 . Vertical pairs of images from retinal sections at low and high magnification, from wild-type C57BL/6 mice (left), rod-full (Crxp-Nrl ) transgenic mice (middle), and cone-full (Nrl Ϫ/Ϫ ) mice (right). The higher-magnification images are centered on the OPL. Sections were immunolabeled for piccolo (red) to identify the ribbon synapses and to reveal the plexiform layers as a landmark. Sections in the top two-thirds of the figure (a-d, g-j, m-p) also show labeling for cone arrestin (blue), to identify the cone photoreceptor cells and their inner and outer segments, axons, and pedicles. Sections in the top (a, b, g, h, m, n) and bottom (e, f, k, l, q, r) thirds were also labeled for calbindin (green) to identify the horizontal cells and their dendritic plexus, whereas those in the middle third (c, d, i, j, o, p) were labeled for mitochondria using an antibody to cytochrome oxidase (green). Sections in the bottom third (e, f, k, l, q, r) were also labeled for neurofilaments (blue), to identify the axonal plexus. The sections from the cone-full (Nrl Ϫ/Ϫ ) retinas were taken from peripheral retina, in which rosette-like distortions in the outer retinal architecture are minimal (Mears et al., 2001; Nikonov et al., 2005) and in which the retina is consequently thinner. Scale bar, 50 m for the low-magnification images and 14 m for the high-magnification images.
through the full thickness of ONL, expanding to produce a stratum of pedicles within the OPL (Fig. 1a ,c, blue profiles in the OPL). The presynaptic cytomatrix protein piccolo, present along the tip of synaptic ribbons in both pedicles and spherules (Dick et al., 2001) , has also been labeled with an antibody, shown in red ( Fig. 1a-d) . Figure 1 , b and d, is highermagnification views of the OPL, showing the localization of piccolo along the base of the pedicles, revealing the clustered distribution of the synaptic ribbons associated with each pedicle; the remaining piccolo labeling, largely outside or overlapping the apical aspect of the pedicles, identifies the distribution of the ribbon synapses associated with the rod spherules (unlabeled). The pedicles and spherules are also rich in mitochondria ( Fig. 1d) , although the mitochondria are more apically positioned relative to the ribbons, never colocalizing with the piccolo labeling (Carter-Dawson and LaVail, 1979a) . Shown as well, in green in Figure 1a , is labeling for the calcium-binding protein, calbindin, a marker for horizontal cells and their processes, particularly their proximal dendrites. Because the plexus of horizontal cell dendrites is so dense and overlapping , the processes from individual horizontal cells cannot be resolved using immunostaining techniques. Notice the sites of contact between the calbindin-positive processes and the pedicles (Fig. 1b) .
The architecture of the adult rod-full retina (Crxp-Nrl ) is comparable with that of the wild-type retina, except that no cones are present (Fig. 1g-j) . Labeled cone outer segments and somata are entirely absent (note the lack of blue profiles in Fig. 1g,i) , as is the stratum of perinuclear mitochondria in the outer parts of the ONL ( Fig. 1i ; compare with green basal labeling in the blue somata in c), along with the stratum of pedicles within the OPL (Fig. 1g-j) . Consistent with this absence of stratified cone pedicles, the pattern of piccolo immunostaining in the OPL is now devoid of an isolated stratum of clustered ribbons adjacent to the horizontal cell plexus (Fig. 1, compare h,j,l with b,d,f ) . The calbindinpositive plexus of dendrites is still labeled in the rod-full retina, showing no overt changes relative to the wild-type retina (Fig. 1h , green label). The architecture of these rod-full retinas is similar to that of a cone-less transgenic mouse model in which nearly all (97%) of the cone photoreceptors die during the early postnatal period after activation of an attenuated diphtheria toxin transgene driven by a cone opsin upstream regulatory sequence (Soucy et al., 1998 ; M.A.R. and B.E.R., unpublished observations).
The cone-full (Nrl Ϫ/Ϫ ) retina, in contrast, shows cone somata labeled for mouse cone arrestin throughout the full thickness of the ONL (Fig. 1m,n) and large cytochrome oxidase-positive puncta throughout the ONL (Fig. 1o,p) , consistent with other evidence indicating that the entire population of cells in the ONL has now adopted a cone fate (Mears et al., 2001; Daniele et al., 2005; Nikonov et al., 2005) . Within the OPL, a single stratum of large cone pedicles is no longer detectable; cone arrestin labeling now fills the entire depth of the OPL, but discrete profiles are less readily discriminated (Fig. 1m-p) . The piccolo labeling pattern within the OPL also lacks an isolated stratum of basally located, clustered ribbons adjacent to the horizontal cell plexus (Fig. 1n, p; compare with b, d) . These morphological changes are consistent with EM data showing a reorganization of the OPL, in which pedicle-like structures with multiple synaptic ribbons are present throughout the depth of the OPL, but that the ribbons within a pedicle are not stratified along the basal surface (Strettoi et al., 2004) . , and cone-full (c) retinas. The dendritic field is sparse and atrophic in the rod-full retina, whereas it is hypertrophic in the cone-full retina. Scale bar, 50 m. d-f, The dendritic field area is slightly smaller in the cone-full retina (d), and the number of primary dendrites is slightly greater (e), whereas the thickness of the dendritic arbor is larger (f ). One horizontal cell from each group is shown in rotation in supplemental movie 1 (available at www.jneurosci.org as supplemental material), revealing the broader distribution of dendritic terminals across the depth of the OPL in the cone-full retina. *p Ͻ 0.5. Error bars represent SEM. CF, Cone-full; RF, rod-full; WT, wild type.
The axon of the horizontal cell is rich in neurofilaments (Peichl and Gonzalez-Soriano, 1993) , and antibodies to the medium neurofilament subunit label processes within the OPL that do not, for the most part, colocalize with calbindin-labeled dendrites (Fig. 1e,f ) . Both are distributed within the OPL of the wildtype retina; however, the distal tips of the dendrites and the axon terminal system, at which these contact the pedicles and spherules, respectively, are less readily labeled (Fig. 1e,f ) . In the rod-full retina, the organization of the OPL in such immunolabeled specimens is not appreciably different, but for the presence of occasional sprouting by labeled processes into the ONL (Fig. 1k,l ) . The sprouting is most clearly revealed using antibodies to neurofilament (NF), but these processes are also occasionally calbindin-positive and cannot be unambiguously associated with either a dendritic or axonal component on the basis of their immunolabeling alone (Fig. 1k,l ) . Such sprouting is not detected in the cone-full (Nrl Ϫ/Ϫ ) retina, in which the immunolabeling pattern for NF is qualitatively like that seen in the wild-type retina (Fig. 1q,r) .
Dendritic morphology is regulated by the cones
Horizontal cells give rise to, on average, six primary dendrites that extend from the soma to course within the OPL, branching to establish a dendritic field with an average diameter of 79 m (Fig. 2a) . Higherorder branches give rise to periodic terminal clusters that contact individual pedicles within the dendritic field, and because of their overlapping dendritic coverage, about six neighboring horizontal cells contact each pedicle . Horizontal cells in the rod-full retina, in contrast, show an atrophic dendritic morphology when compared with wildtype retina (Fig. 2b ), yet dendritic field size is largely unchanged, being on average 78 m in diameter. The periodic terminal clusters are absent, although small clusters are infrequently found within the field. The atrophic morphology of these cells is comparable with that observed in the retinas of cone-less transgenic mice, but the latter show conspicuously larger and dystrophic, if comparably rare, terminal clusters . The overall similarity in phenotype between these models demonstrates that the atrophy cannot reflect putative degenerative changes after denervation, because the horizontal cells in the rod-full retina are never exposed to cone pedicles during development.
Horizontal cells in the cone-full retina have an average of eight primary dendrites and establish a dendritic field that is slightly smaller than that in the wild-type or cone-less retinas, averaging 71 m in diameter (Fig. 2d,e) . More conspicuously, the density of higher-order branching within the dendritic field is far greater in the cone-full retina (Fig. 2c) . Within that dense dendritic field, individual terminal clusters associated with single pedicles are not discriminable when compared with wild-type horizontal cells, because of the density of pedicles within the OPL. Consistent with this, labeled dendritic fields, when viewed in rotation (see supplemental movie 1, available at www.jneurosci.org as supplemental material), now occupy the full depth of the OPL rather than arborizing only within the innermost portion of this synapse-rich region, in which their synaptic contacts with pedicles are normally found (compare with Fig. 1b,n) . Dendritic arborization depth was significantly greater in these cone-full retinas (Fig. 2f ) .
These features discriminating the dendritic field of horizontal cells in wild-type, rod-full, and cone-full retinas emerge after the normal period of synaptogenesis with the cone pedicles, beginning at P5. Before this stage, the dendrites of horizontal cells radiate in multiple directions from the soma. On P5, they begin to stratify in the nascent OPL, although periodic terminal clusters have yet to form . Horizontal cells in the wild- type, rod-full, and cone-full retinas are barely discriminable at this initial stage of stratification (Fig. 3a-c) . By P10, however, the wild-type cells display periodic clusters studded across the stratified dendritic field, associated with the sites of pedicle contact (Fig. 3d) , whereas those in the rod-full retina show no evidence of terminal clustering (Fig. 3e) , well after they have stratified within a cone-free environment. Rather, in the absence of pedicles, the dendritic fields of horizontal cells in the rod-full retina exhibit hypertrophic branching (Fig. 3e) , as they do in the cone-less transgenic retina at this stage . The dendritic fields of P10 horizontal cells in the cone-full retina are also hypertrophic (Fig. 3f ) , maintaining this excessive branching into maturity (Fig. 2c) , whereas the horizontal cells deprived of any cone afferents subsequently atrophy (Fig. 2b) .
Axonal morphology is regulated by the rods
The axon terminal and its appendages, forming contacts exclusively with rod spherules, has a more variable size, shape, and orientation (Fig. 4a) . The axon broadens to form the thicker body of the terminal, giving rise to multiple branches, which in turn yield individual branchlets extending into the spherules, with two to four per spherule in association with the one to two ribbons made by each spherule (Migdale et al., 2003) . In the rod-full retina, the morphology of single axon terminals appears expanded in size, although not significantly (Fig. 4b,d ). Cone-full retinas, in contrast, having no rod photoreceptors, display an axon terminal arbor that is comparably atrophic: although the primary branch of the axon terminal is present, the higher-order branchlets that characterize the wild-type and rodfull terminal field are often reduced in density in the cone-full retina (Fig. 4c) . Associated with this, the overall area of the axon terminal field is smaller (Fig.  4d) , although the depth of its distribution is greater (Fig. 4e) , spanning the thickness of the expanded OPL (Fig. 1n ,p,r; see supplemental movie 2, available at www.jneurosci.org as supplemental material).
The rod spherules normally establish synaptic contacts after the cone pedicles initiate synaptogenesis (Olney, 1968; Blanks et al., 1974; Sherry et al., 2003) . Curiously, changes in the axon terminals can be detected as early as P5, when both the developing arbor and the girth of the axonal process itself are reduced relative to those axonal arbors for wild-type and rod-full retinas (Fig. 5) . In the absence of any rods, their growth would appear to be stunted even at this early stage, but they go on to develop a morphology similar to that of a wild-type axon terminal arbor, albeit reduced in area and expanded in depth (Fig. 4) .
Discussion
The establishment of neuronal architecture within the CNS is a complex developmental process that is as yet poorly elucidated. The lesser complexity and ready access to the neural retina render it an ideal system for dissecting the underlying mechanisms that generate synaptic connectivity and cellular architecture using genetically manipulated mouse models. In this report, we show that the distinct properties of the dendritic and the axonal arbors of horizontal cells are independently controlled by their afferents during development. The periodic distribution of cone pedicles instructs a comparably periodic formation of terminal clusters in the wild-type retina. In strains of mice with a 50% reduction in cone afferents, the frequency of such terminal clustering is coincidently reduced , whereas a complete elimi- Figure 4 . a-c, Individual horizontal cell axon terminals labeled with DiI in the wild-type (a), rod-full (b), and cone-full (c) retinas. The terminal field is dense in the wild-type and rod-full retinas, whereas it is relatively atrophic in the cone-full retina. Scale bar, 50 m. d, e, The size of the axon terminal field is reduced in the cone-full retina (d), whereas its depth of termination is greater (e). One of each of these terminals is shown in rotation in supplemental movie 2 (available at www.jneurosci.org as supplemental material), further revealing the atrophic condition of the terminal field in the absence of the rods. *p Ͻ 0.5. Error bars represent SEM. CF, Cone-full; RF, rod-full; WT, wild type.
nation of cone afferents in the rod-full retina leads to a failure of these clustered terminals to form. Conversely, the large increase in cone afferents in the cone-full retina induces a blanket of dendritic terminals to form, no longer showing any periodicity nor stratification in their formation, extending to fill the depth of the OPL. Together, these results make clear that the cone afferents play an instructive, rather than merely a permissive, role in defining the dendritic morphology of a horizontal cell.
The dense distribution of rod spherules present in the wildtype retina, differentiating slightly later than the cone pedicles (Olney, 1968; Blanks et al., 1974) , acts independently on the axon terminal system, inducing a comparably dense branching and terminal sprouting to form. Respecification of the cones to become rods appears to yield a larger axonal arbor, whereas the entire loss of the rods in the cone-full retina yields an underdeveloped axon terminal field, although those changes do not appear to be proportional to the size of the afferent population. The stunted development of the axon terminal system in the cone-full retina is apparent even before synaptogenesis, suggesting that differentiating rods are already supplying a signal for axon terminal outgrowth during normal development. Together, these results demonstrate how different afferent populations regulate the morphology of a nerve cell. Although horizontal cell morphology is unique in having discrete compartments as synaptic targets, nerve cells throughout the CNS exhibit regional specificity in the distribution of their afferents on the cell surface and may in turn prove to differentiate those select portions of the postsynaptic cell under the instructive effects of those afferents.
The selective responsiveness of these two compartments of the horizontal cell cannot be explained by the effects of regionally distinct signals, because the axon terminals and the dendritic arbors of neighboring horizontal cells overlap one another within the OPL. Despite their overlapping distributions, they must recognize one another as distinct entities, because each forms gap junctional contacts exclusively with their homotypic partners (He et al., 2000) . Although there is a slight temporal delay between the maturation of cone pedicles and rod spherules, both the dendritic arbor and a discriminable axon are already present by the time of synaptogenesis , and so each must be exposed to the same local environment within the developing OPL. Instead, our results suggest that cell-intrinsic mechanisms establish a polarization of the neuron, trafficking proteins to each compartment that constrain their subsequent development and render them sensitive to distinct instructive signals. The fact that horizontal cell dendrites become hypertrophic at P10 in the rod-full retina, much like they do in the cone-less retina , suggests that, although this cellular compartment is instructively regulated by afferent density, there is an intrinsic component to this developmental process as well, as though the horizontal cells are programmed to seek out afferent innervation. Failing to find it, they undergo regression, whereas finding normal or excessive densities of cone afferents, they branch accordingly to innervate all of the pedicles within their dendritic fields. Our data, showing how the local retinal environment regulates neuronal morphology, run counter to recent publications favoring a cell-autonomous specification of morphological differentiation. For example, Math5 Ϫ/Ϫ and Brn3b Ϫ/Ϫ mice contain reduced numbers of retinal ganglion cells that still develop a normal dendritic morphology (Lin et al., 2004) , even in the presence of excessive amacrine cells (Wang et al., 2001) . Cholinergic amacrine cells likewise develop a normal dendritic arbor despite reductions in the local density of homotypic cells as well as other cell types (Farajian et al., 2004) . In comparison, the horizontal cells would appear to be sensitive to both their afferents (present data) and their homotypic neighbors, given the reciprocal relationship between dendritic field size and horizontal cell density across different strains of mice . Somewhat surprisingly, the horizontal cells of the cone-full retinas had smaller dendritic fields, indicating that field size is not exclusively controlled by proximity to homotypic neighbors. The expansion of cellular volume associated with this degree of dendritic branching may come at a cost to the overall dendritic field extent, reducing slightly dendritic coverage.
The present results are also unexpected given the recent demonstration that the primary target of the rod spherules, the rod bipolar cells, do not fail to differentiate their dendrites in the absence of rods in the Nrl Ϫ/Ϫ retina. Rather, they become innervated by the respecified population of cone photoreceptors (Strettoi et al., 2004) . Rod bipolar cells do not differentiate normally in the rd1 retina, in which the rod and cone photoreceptor populations die postnatally, indicating that they do require an afferent population to form (Strettoi and Pignatelli, 2000) . Our data suggest that, although the central postsynaptic elements at the ribbons of such respecified cones may now include rod bipolar dendrites (Strettoi et al., 2004) , many of the lateral postsynaptic elements should be the dendritic terminals of horizontal cells, indicating that the recruitment of the rod pathway in this mouse model may be only a partial one. That the axon terminal arbor is not entirely atrophic in these cone-full retinas reveals some in- trinsic capacity to differentiate; as these terminals extend throughout a thicker OPL in such retinas, but do not exhibit conspicuous sprouting into the ONL (present results; Oh et al., 2007) , they are also likely to form synaptic contacts with the respecified cones.
The developmental plasticity associated with horizontal cell morphology described in the present study is distinct from recent descriptions of horizontal cell sprouting in rodent models of retinal degeneration. Disrupted gene function, affecting either phototransduction in the outer segment (Park et al., 2001; Strettoi et al., 2002; Claes et al., 2004; Cuenca et al., 2004) or neurotransmission within the outer plexiform layer (Mansergh et al., 2005; Chang et al., 2006) , can lead to an outgrowth of ectopic horizontal cell processes into the inner and/or outer nuclear layers. This sprouting appears to be relatively slow, progressive, and in some cases reactive, indicating the cellular response to maintain normal morphology or function in degenerating retina (Lewis et al., 1998; Fariss et al., 2000; Jones et al., 2003) . In this report, the present mouse models primarily reveal the cellular determinants for attaining appropriate neuronal morphology during synaptogenesis.
